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Abstract
The purpose of this study was to respond to a call to the Information Systems discipline to provide solutions
to address global challenges such as the seventh Millennium Development Goal of ensuring an
interconnectedness of society and the environment. A longitudinal study was conducted at the University
of Cape Town (UCT) Information Systems Department where computer science students were tasked with
conducting the campus carbon footprint as part of a Green Information Systems (Green IS) project.
Drawing on Design Science Research two kernel theories were employed, namely Butler’s model of Green
Information Systems and Scharmer’s Theory U. The goal of a broader study was to design a model for
integrating Green IS into the curriculum. During the study 183 students evaluated the development of the
Green IS course over a period of six years. In addition, four experts conducted summative evaluations at
the conclusion of the study. Contributions are provided by developing a range of propositions related to
emerging Green IS competences, including interpersonal, normative, anticipatory, and systems thinking
competences.
Keywords
Green Information Systems, Sustainability Competences.

Introduction
Academics in the Information Systems (IS) discipline have made numerous calls for researchers to provide
solutions to society’s urgent challenges such as sustainability (Seidel et al. 2017; vom Brocke et al. 2015).
This study is a response to the call. The paper also responds to a challenge to the IS discipline to make a
better world (Walsham 2012) and address global challenges. One such challenge is the seventh Millennium
Development Goal of ensuring an interconnectedness of society and the environment (Hajer et al. 2015).
Green IS defined as ‘’information systems employed to transform organizations and society into more
sustainable entities’’ (Carberry et al. 2017, p. 2), has emerged over the last decade as an important response
from the IS community to the issue of sustainability (Malhotra et al. 2013).
Although the IS discipline is constantly updating its curricula to Higher Education students in order to
ensure that graduates are aligned with the needs of the workplace and broader society (Topi et al. 2010), a
focus on Green IS in the curriculum is conspicuous by its absence (McGibbon and Van Belle 2015).
Integrating sustainability into the curriculum is a relevant and persistent problem (Stough et al. 2018), with
many academic disciplines recognizing that sustainability is one of the greatest challenges of our time and
thus needs to be included in curricula (Sterling and Huckle 2014) with Information Systems needed to fill
the gap (Elliot and Lavarack 2012). Literature reviews reveal a shortage of research into sustainability in
Higher Education in Africa and, consequently, this research study is aimed at helping to meet this need.
Given the relevance of the topic, the researcher explored this key question: During an introduction to Green
Information Systems what competences can be developed in students?
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This paper is constructed as follows. It begins with a search through the relevant literature of Green IS as
well as sustainability in Higher Education extant knowledge. The research method is elaborated and
findings from the empirical data analyzed. Finally, conclusions are drawn with suggestions for further
research.

Relevant Literature
The study examined a broad range of scholarly work as a way of examining the extant literature in the field
of Green Information Systems. As the field was nascent the review included IS conference papers, book
chapters, and theses. A proxy for scholarly articles was the use of Google Scholar with the Key words “Green
+ Information + Systems”, netting a total of 622 articles from 2007 until the end of 2016. Figure 1 shows
the growth of publications over this period.
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Figure 1: Growth of scholarly articles in Green IS.
The evolution of the scholarly tradition in Green IS may be categorized by the following four elements in a
spectrum: starting with conceptualization, then analysis, leading to design, and lastly impact (Gholami et
al. 2016; Malhotra et al. 2013). Research devoted to the latter phases of design and impact have led to fewer
publications in Basket of Eight journals, (Corbett 2013; Loock et al. 2013). The end of the spectrum is thus
seen as a research gap which is partly addressed in this study. The field of Green IS has led to a large amount
of theorizing. To undergird the DSR project, the researchers identified Butler’s 2011 model for Green IS, as
a kernel theory, as it attempts to explain the drivers, activities and outcomes in a comprehensive way. This
is backed by senior scholars who argue that most Green IS research fails to measure environmental impacts,
but instead studies traditional IS issues such as organizational performance (Elliot and Webster 2017).
However, a potential limitation of the Butler model is that it gives undue prominence to institutional theory
(Carberry et al. 2015).
In terms of IS curriculum development, it must be noted that some scholars point to the reticence of
academics in the discipline to embrace curriculum change. For example, Wayman and Kyobe (2012) argue
that although continuous review of curricula is crucial, there are several reasons for resistance to change.
These reasons include the need for a better understanding of the purpose for integrating relevant issues,
perceptions of academics and learners amongst other issues. Their study showed that curriculum
development in South African universities was heavily influenced by the department policies, possibly due
to the historic development of the departments, which were often based on United States models with little
African contextualisation (Wayman and Kyobe 2012).

SIGGreen Pre-AMCIS Workshop, Boston, 2017

Green Information Systems Building Competences

From an educational perspective, the review ranged from software development models (for example,
Cockburn, 2002), the theory of coherent practice (Scott 2012), to soft-skills development such as six hat
thinking skills (De Bono 1990). Ultimately, during the course of the study, the researchers decided to adopt
Theory U (Scharmer 2009) as a second kernel theory to inform the DSR, as it had been empirically tested
in circumstances where problems were unstructured and not easily solved. This was seen as a good fit for
Green IS problems which are not well defined and hard to solve. New solutions require a new personal
awareness, as suggested by the Theory U (Senge et al, 2004).
In addition, a number of authors, including Wiek et al. (2015) have identified competences needed by
students in Higher Education as part of their sustainability education. These include systems thinking, and
anticipatory, normative, and interpersonal competences.
Systems-thinking competence is the ability to analyze complex systems on a broad scale by considering
structures, patterns, feedback loops and other systemic features (Wiek et al. 2011). Anticipatory
competence or “futures thinking” is the ability to anticipate how sustainability issues may evolve over time
(Wiek et al. 2015, p. 244), whereas normative competence is the ability to assess the unsustainability of
current and future systems (Silvius and Schipper 2014). Interpersonal competence is the ability to motivate,
enable and facilitate collaborative work. It is defined as: “Graduates with interpersonal competence are able
to initiate, facilitate and support different types of collaboration, including teamwork and stakeholder
engagement, in sustainability efforts … They are able to incorporate and complement the experiences and
expertise of others when working in or leading teams in professional settings; in addition, they are able to
successfully collaborate with various stakeholders from government, business and civil society. In these
functions, graduates are skillful in communication, pluralist (trans-cultural) and empathetic
understanding, deliberation, negotiation and leadership” (Wiek et al. 2015, p. 250).
Several constructs perceived to be useful for the evaluation of the Green IS project were identified in the
literature. One of these was the concept of socio-ecological integrity which is based on human judgment
and has been described as an integration of both human and natural systems (Fluker 2010; Luederitz et al.
2016). Another construct is the notion of intra- and intergenerational equity. These are derived from
economics where it was argued that planetary resources are not inexhaustible and current generations need
to consider the needs of future generations (Solow 1974). Intra-generational equity refers to social
transformation issues within the existing generation (Mattioli 2013). A further construct is labelled
sequence of actions, which implies defining goals, evaluating against criteria and devising evidence-led
recommendations (Luederitz et al. 2016). Sound methodology takes this construct a step further to include
problem analysis, visioning, assessment, monitoring and evaluation (Ceschin 2014). Reflexivity and
Learning within the sustainability context refer to iterative analysis of the components, process and actors
involved in the intervention as well as reflecting on the institutional context, enabling the generation of
different outputs (Luederitz et al. 2016).

Methodology
A longitudinal six-year case study approach was employed, using the University of Cape Town as an
exemplar and integrating sustainability into the project management course, with students required to
measure an aspect of the campus carbon footprint. Drawing on Design Science Research (Gregor and
Hevner 2013), the researchers used kernel theories, namely Butler’s model of Green Information Systems
(2012) and the change management framework Theory U (Scharmer and Kaufer 2013) to inform the design.
The goal of the curriculum intervention was to evaluate outputs that developed key sustainability
competences. The ultimate intention was to create a real impact of a reduced Carbon Footprint at UCT,
despite the current absence of regulatory or legislative pressure. This study forms part of a larger case study
where the artifact developed is a model for incorporating Problem-based and Project-based sustainability
learning in the Information Systems undergraduate curriculum. Each year between 22 and 39 students
were involved in interventions over six iterations.
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Key principles were drawn from international best practice, including how to address wicked sustainability
problems, adopting a focus on developing sustainability solution options and key competences in
sustainabilities (Brundiers and Wiek 2013; Luederitz et al. 2016; Wiek et al. 2015).
Formative evaluations were conducted at the end of each cycle of the design development. Archival evidence
as well as student reflective essays were employed and content analysis and coding of the empirical data
was conducted using ATLAS.ti, a data analysis software tool. r experts were invited to conduct evaluations
and their questionnaires were coded and tested for co-occurrences.

Findings
The study yielded a total of 227 relevant observations which formed the basis of the empirical analysis. The
evaluation criteria are mapped against the output competences as shown in Table 1 below. This shows that
the strongest feature is normative competence (74 instances), and interpersonal competence (73
occurrences). This is followed by anticipatory competence (63 observations); and systems thinking
competence (17 instances). Of interest is the co-occurrences between the evaluation criteria in the rows and
the output competences in the columns according to the analysis conducted on Atlas.ti. This shows that the
greatest number of linkages is between normative competence and collaboration. The lowest number of
linkages is shown by the support criterion, indicating that this was not well developed in the process.

Evaluation criteria
Anticipatory
Anticipatory competence
Awareness
Collaboration
Equity
Expertise
Integrity
Interpersonal competence
Method
Normative competence
Reflexivity and learning
Sequence
Support
Systems Thinking
Totals

0
11
3
3
3
3
12
1
15
7
1
0
4
63

Outputs: Competences
Interpersonal Normative
12
14
1
6
5
1
0
3
12
12
3
0
4
73

15
9
24
1
2
2
12
1
0
5
1
0
2
74

Systems Thinking
4
2
0
0
0
4
4
0
2
1
0
0
0
17

Table 1: Co-occurrences table showing linkages between constructs
Linkages between competences and other constructs were mapped on a radial diagram, shown in Figure 2.
In terms of the outcomes, two constructs were evaluated by the evaluators. They were socio-ecological
integrity as well as intra- and intergenerational equity. These constructs were found to be weakly exhibited,
according to the evaluators. Process issues were also discussed, with evaluators giving relatively high scores
to constructs that included a sequence of actions, sound methodology, collaboration, and reflexivity and
learning.
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Finally, a range of inputs was evaluated, including awareness, expertise and support. Although awareness
and expertise were identified during the evaluation, a shortage of institutional support was noted by
evaluators.

Outputs
Anticipatory

Interpersonal

Normative

Systems Thinking

Awareness
Support

Collaboration

Sequence

Equity

Reflexivity & learning
Method

Expertise
Integrity

Figure 2: Linkages between competences and other constructs.

Discussion
Four propositions were derived from the empirical analysis and corroborated in the literature and discussed
in this section.
P1: When students develop interpersonal competences during Green IS education, reflexivity and learning
processes are enhanced.
This is corroborated in the literature as it aligns with research into Problem-based and Project-based
Learning (PPBL) courses in sustainability (Brundiers and Wiek 2013b; McGibbon and Van Belle 2015).
PPBL is a learner-centered approach that empowers students to conduct research, integrate theory and
practice, and develop feasible solutions to specific problems (Savery 2006). This is supported by the
Information Systems undergraduate curricular guidelines, as the IS2010 version states that students need
to develop interpersonal skills, such as problem solving in a team (Topi et al. 2010). Competencies have
been defined as both “basic” competencies, such as interpersonal skills, as well as strategic and systems
thinking competencies (Wiek et al. 2011). The latter competency is ideally suited to the IS curriculum, which
encourages students to see the interconnectedness of people, technology, data and processes as a dynamic
system. A global study found that assessed PPBL courses showed compliance with key principles, including
addressing wicked sustainability problems, adopting a focus on developing sustainability solution options,
and developing teamwork, as well as stakeholder collaboration (Brundiers and Wiek 2013). Furthermore,
the promotion of social and institutional learning for sustainable development has been identified as one
of the key research themes predicted for the next decade (Miller et al. 2014).
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The data suggest a further proposition:
P2: When students develop interpersonal competences during Green IS education there is a tendency to
develop normative and anticipatory competences.
This has some backing in the literature. An example of this in PPBL is where students engage in real-world
sustainability problems and attempt to find solutions. Key principles underlying PPBL courses include
addressing sustainability problems, focusing on solutions and recognizing the need for teamwork and
stakeholder collaboration (Brundiers and Wiek 2013a).
The data also show strong links between normative competence (to collectively assess the unsustainability
of current campus operations and make recommendations on how to make UCT more sustainable) as well
as anticipatory competence (the ability to visualize the future, related to sustainability issues). This suggests
the following proposition:
P3: When students develop normative competence during Green IS education their ability to develop
anticipatory competence is increased.
This has resonance in the literature. Normative competence and anticipatory competence are
complementary and both incorporate an understanding of current unsustainability as well as the ability to
envisage future scenarios (Wals and Corcoran 2006). This is supported by (Adomssent et al. 2007)who
define sustainability competence as the ability to shape future scenarios by active involvement in modelling
and transforming society towards sustainable practices. Further support comes from authors who note that
envisioning future scenarios and developing future-thinking skills amongst students inculcates
commitment which leads to innovation and action strategies for change (Cebrián and Junyent 2015).
This suggests proposition four:
P4: When students work collaboratively during Green IS education they are likely to develop
interpersonal competence.
There is some evidence for this in the literature. For example, Lozano argues that collaboration is key to
sustainability “requiring that all the players, even the silent ones such as the environment and future
generations of plants, animals and humans, communicate, become highly involved and learn from each
others’ experiences. Each of the players needs to keep an open mind to recognize that the other players,
present and future, are different and behave differently, where their needs must be recognized, addressed
and fulfilled” (Lozano 2007, p. 380).

Conclusions
This paper sought to find a way of developing a range of competences in students who were introduced to
Green IS as part of a broader Design Science Research study. Normative competence was observed to be
the strongest competence to emerge during the intervention, when students in Higher Education were
introduced to Green IS. This implies that the students had developed the ability to assess the university’s
future and current systems. The next strongest competence was interpersonal competence (the ability to
foster and enable collaborative work in their teams) followed by anticipatory competence, meaning the
ability to envision the future. These four key competences were strongly linked to reflexivity and learning.
Future researchers could test the competences via different paradigms, such as positivist and interpretivist
studies. Testing of the propositions could deepen understanding of the topic.
This research project thus provides a seam of rich possibilities for further quantitative and qualitative
research as envisaged by global Green IS experts (Seidel et al. 2017).
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